Background Surgery has not been proven to be a better treatment option than non-operative management for limb paresis due to lumbar disc herniation. For the patients it will still be a concern, whether they will regain full strength after the operation or not. Methods A prospective cohort study of 91 patients with preoperative paresis due to disc herniation with 1-year follow up was carried out. The primary outcome was muscle strength in affected limb, and the secondary outcome was self-reported symptoms on back and leg pain, disability, health related quality of life, general health and working capability. Results Seventy-five percent of patients had no paresis 1 year after the operation. The severity of the paresis was the only predictor for persistent paresis. Preoperative duration of the paresis did not influence the rate of full recovery. Non-recovery was associated with inferior outcomes and higher risk for reduced working capability. Conclusions The majority of patients with paresis were fully recovered 1 year after microdiscectomy for lumbar disc herniation. If the paresis was severe at baseline, there was a four times higher risk for non-recovery. Patients who did not recover had significantly worse outcomes.
Introduction
It has not been shown that surgery is better than nonsurgical management for treating limb paresis caused by lumbar disc herniation [1] [2] [3] . However in clinical practice, limb paresis is a frequent additional symptom to pain [4] [5] [6] [7] , and for the patients, a major concern remains: ''What are the chances that my muscle strength will recover after surgery?''. The aim of this study is to give an answer to this question. We also wanted to investigate if persisting paresis is associated to worse outcome measured by changes in physical function, health related quality of life (HRQL), pain, and working capability. Such information could be used in the decision-making process prior to surgery.
Materials and methods

Patient population
In this prospective cohort study we evaluated 403 consecutive patients operated for the first time with microdiscectomy for lumbar disc herniation. Of these patients, 91 had limb paresis and were included (Fig. 1) . Patients with recurrent disc herniation after 3 months were considered as a new event and were excluded (N = 18). Reoperations before 3 months were classified as complications to the primary surgery, and these cases (N = 5) were included. All patients were operated at the Department of Neurosurgery, University Hospital of North Norway.
Data were collected in a comprehensive clinical spine surgery registry for quality control and research between 1st of January 2004 and 30th of September 2006. Follow up time from date of operation (baseline) was 1 year. Informed consent was obtained from all participants, and the Data Inspectorate in Norway had approved the clinical registry.
Self-administered questionnaires
The questionnaires completed by the patients at baseline and follow up were identical, and were used for outcome assessments. The baseline questionnaire included additional questions about demographics and lifestyle issues.
Baseline data
During the hospital stay, the doctor responsible for each patient made the clinical neurological examination of the patient, recorded data concerning diagnosis, treatment and employment status and duration of symptoms and sick leave according to the standard registration form. Finally all questionnaires and forms were collected and checked for completeness by a trained research nurse.
Follow up data
Patients were summoned for follow up visits after 3 and 12 months at an outpatient clinic. Questionnaires were distributed by mail together with the appointment letters, and were completed at home by the patients. An independent observer (two trained research nurses) responsible for all follow up visits made the clinical neurological examination, then collected and checked all questionnaires.
Primary outcome measurement
The primary outcome measure was muscle strength of the affected limb. We used Daniels and Worthingham's techniques of manual muscle testing [8] , which was graded to range from 0 to 5. In this scale, grade 4 is ''50% reduction of force'', grade 3 ''ability to move against gravity'', grade 2 ''ability to move the limb or toe but not against gravity'', grade 1 is ''ability to produce visible muscle contraction, but no movement of the limb'' and grade 0 is ''no visible muscle contraction''. Based on this scale we categorised the patients into three groups: severe paresis (grade 0-3), mild paresis (grade 4) and normal muscle strength (grade 5). Changes in motor function were classified as recovery (normal muscle strength) or non-recovery (incompletely improved, unchanged or worse).
Secondary outcome measures
Secondary outcome measures were HRQL (EQ-5D), oswestry disability index (ODI), visual analogue scale (VAS) for leg pain and back pain, EQ-5D VAS for general health state and employment status.
EQ-5D
EQ-5D is a generic and preference-weighted measure of HRQL. It evaluates five dimensions: mobility, self care, activities of daily life, pain and anxiety and/or depression. For each dimension, the patient describes three possible levels of problems (no, mild to moderate and severe). Hence, this descriptive system contains 243 combinations or index values for health states [9] . We used the value set based on the main survey from the EuroQol group [10, 11] , which has been validated for this patient population [12] . Total score range is from -0.594 to 1, where 1 corresponds to perfect health, and 0 to death. rated on a 0-5-point scale, added up and transferred into a percentage score, the ODI ranging from 0 to 100 (0 = no disability).
Leg pain and low back pain
The patient graded pain intensity for leg pain and back pain in two separate 100 mm VAS, endpoints were 0 (no pain) and 100 (worst conceivable pain).
Health state EQ-5D VAS forms the second part of the EQ-5D questionnaire. The patients rated their general health state by drawing a line from a box marked ''your health state today'' to the appropriate point on the VAS scale which ranges from 0 to 100 (worst to best imaginable health).
Duration of paresis
This information was not a part of the standard questionnaire and was collected from the medical records.
Employment status
The research nurse interviewed the patients about employment status at follow up.
Statistical analyses
The zero-hypothesis is that there will be no difference in the paresis at baseline and 12 months of follow up.
Depending on the distribution of the data, we evaluated score changes of outcome measures within groups by paired sample Student's t test or Wilcoxon signed rank test and differences between groups with independent samples t test, Mann-Whitney U tests or Chi-square tests. Risk factor assessment was made by univariate analyses (logistic regression) using recovery of full muscle strength (yes/no) as dependent variable and the severity of the paresis (mild/severe) as exposition variable. The Statistical Package for the Social Sciences (SPSS for Windows, version 16.0, Chicago, IL, USA) was used in all analyses.
Results
Study population
Characteristics of the study population at baseline are listed in Table 1 . The preoperative investigation was MRI in 40 (44%), CT in 32 (35%) and in 19 (21%) patients both methods were used. Five patients (6%) were operated in level L3/L4, 46 (52%) in level L4/L5 and 38 (43%) in level L5/S1. Two patients were operated at two levels (2%).
Primary outcome
At 12 months 68 patients (75%) were fully recovered ( Table 2) . Out of 23 patients (25%) who were not fully recovered, 9 (10%) were improved and 14 (15%) were unchanged. None got worse. Sixteen (55%) out of 29 patients with severe paresis fully recovered whilst 52 (84%) out of 62 patients with mild paresis fully recovered (p = 0.003). A severe paresis at baseline was the only independent risk factor we could find for not having full recovery of muscle function, odds ratio: 4.2 (95% CI = 1.6-11.4). Duration of the paresis was not associated with recovery. The mean (SD), duration of paresis was 30 (57) days. We evaluated several possible cut-offs for the duration of paresis, which could indicate a good or bad prognosis for recovery (2 days, median (6 days), 2 weeks, 1 month), but no statistically significant threshold was found. Secondary outcome
For the whole study population, there was a statistically significant improvement of pain, functional status and HRQL and general health (p \ 0.001). Patients who recovered had a significant better outcome than patients with persistent paresis, except for leg pain. Amongst those who did not recover, three times as many received workers compensation at 12 months follow up (57 vs. 20%, p = 0.001) ( Table 3 ).
Complications
One patient had a dural tear, one had postoperative deep infection, and one had postoperative haematoma. None of them were re-operated. Five patients (5%) had a new operation for herniated disc at the same level and side within 3 months after the primary surgery. Including all these cases, the complication rate was 9% (eight patients).
Discussion
The surgical method used in this study, microdiscectomy, seems to be the preferred method in many publications [13] [14] [15] [16] [17] , and has fewer complications than other methods [18] . This study shows that 75% of the patients with limb paresis due to herniated lumbar disc had full recovery 12 months after micro discectomy. Patients with mild paresis can be informed that they have a good chance to recover (84%). Patients with severe paresis have less, but still a good chance to recover (55%). Fifteen percent had some improvement but not complete remission, and 10% had no improvement. The recovery rate was similar to the results published earlier [2, 6, 19, 20] . Previous studies evaluating more severe paresis (grade 3 or worse) show similar associations between the severity of paresis and the recovery rate [5, 7, 21] .
In this study, the method for measuring paresis was subjective, as in previous studies. The clinical information obtained by manual testing are not inferior to those given by EMG [7] , provided that the assessment of muscle strength is made using standard methods. We followed the principle of Daniels and Worthingham's muscle testing [8] . We classified the degree of paresis into three different groups to make it simple and more reliable. It may be easier to measure the strength of L5 more precise than L4 and S1. A weakness of our study is that different investigators did the baseline examination and the follow up. Furthermore we have not performed an inter-or intraobserver study on the manual testing. Total n (%) 5 (5) 18 (20) 68 (75) 91 (100) Degree of paresis classified into full muscle strength (grade 5), mild paresis (grade 4) and severe paresis (grade 0-3) Our study was not designed to compare surgical and nonsurgical treatment (no control group). We do not know the fate of the paresis if the patient had not been operated. An open prospective multicentre study by Dubourg et al. [2] showed no difference in recovery rates after surgical and non-operative treatment. However, in this study there was a selection bias, since surgically treated patients had a higher rate of extruded herniation, higher numbers of paretic muscles and longer duration of sciatica. There was also 40% crossover from the non-surgical to the surgical group.
Only the severity of the paresis was identified as an independent risk factor for non-recovery. Surprisingly, there was no association between the preoperative duration of the muscle weakness and recovery, and we could not identify any cut-off in duration of paresis that would indicate a good or poor prognosis for recovery. This is an important finding which does not support the concept that the best effect of surgery is obtained in patients with short duration of paresis. The size of our sample might, however, have an impact upon this finding. We did not look at patients with paresis less than 24-h duration, since duration of paresis in this study was difficult to define in terms of hours.
The non-recovery group had significantly less improvement in ODI, EQ-5D, back pain, general health, and working capability at 12 months of follow up, and these associations indicate that persistent paresis represents a significant and complex problem for the patients.
Conclusion
In general, patients have a 75% chance of recovery from a limb paresis after surgical treatment for lumbar disc herniation. Patients with mild paresis can be informed that they have a good chance to recover (84%). Patients with severe paresis have less good chance to recover (55%). Persisting paresis seems to have a significant negative impact on the physical function and HRQL. There was no association between the preoperative duration of the muscle weakness and recovery.
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